The aim of our research was to examine the effects of crocin (0.5 (C0.5), 1 (C1) and 1.5 (C1.5) 22 mM) and naringenin (50 (N50), 100 (N100) and 150 (N150) µM) in cryopreservation extender 23 for freezing rooster semen. Sperm motility, viability, abnormalities, membrane integrity, 24 mitochondrial activity, apoptosis status, lipid peroxidation (LP), GPX, SOD, TAC, the mRNA 25 expression of pro-apoptotic (CASPASE 3) and anti-apoptotic (Bcl-2) genes, fertility and 26 hatchability rate were investigated following freeze-thawing. C1 and N100 resulted in the higher 27 (P < 0.05) total motility and progressive motility in comparison to the control group. C1 and 28 N100 improved viability, membrane integrity and reduced lipid peroxidation. We found much 29 higher values for mitochondria activity with C1 and N100 respect to the control group. The C1 30 and N100 showed lower percentages of early apoptosis when compared with control group.
naringenin), N150 (Beltsville extender with 150 µM naringenin). Glycerol was added to the 88 extender at 3.8% (v/v). Next, diluted semen samples were aspirated into 0.25 ml French straws 89 (IMV, L'Aigle, France) to attain the concentration of 100 × 10 6 sperm/mL. Consequently, via 90 polyvinyl alcohol powder were sealed and equilibrated at 4 °C for 3 h. Then, after equilibration 91 time (3 h), the straws were cryopreserved in liquid nitrogen (LN) vapor (4 cm above the LN for 7 92 min in a cryobox). Then, the straws were plunged into LN for storage until thawed (37 °C for 30 93 s) and used for assessment of sperm parameters. Reproductive performance of post-thawed sperm was assessed by artificial insemination [3] .
180
A total of 30 Ross broiler breeder hens were caged (10 hens in each group) and fed a standard 181 diet. The straws from each treatment were thawed and inseminated with a dose of 100 × 10 6 182 sperm. Eggs were collected for five days after the last artificial insemination. The eggs were 183 incubated in a commercial incubator. On day 7 of incubation, fertility (by candling the eggs) and 184 hatchability (the percentage of hatched eggs per fertile eggs) were evaluated for each treatment. 
Results

192
Motility and velocity variables of frozen-thawed of rooster sperm supplemented with 193 different levels of crocin and naringenin are depicted in Table 3 . C1 and N100 resulted in higher 194 (P < 0.05) total motility and progressive motility compared to the control group. The analysis did 195 not reveal any significant differences among different concentrations of crocin and naringenin on 196 the VCL, VAP, VSL, ALH, LIN, BCF and STR parameters.
197 Table 3 198 Effect of different levels of crocin and naringenin on motility parameters of rooster thawed semen, 199
analyzed by CASA (n = 5). and naringenin does not seem to impact the abnormal forms after freeze-thawing ( Fig. 5 ).
215
Superior results were observed for viable sperm in C1 and N100 compared with control group 216 ( Fig. 6 ).
217 Table 4 details the data on apoptosis status analysis. The most remarkable result is that the 218 percentage of live sperm was emerged to be higher in 1 mM crocin and 100 µM naringenin in 219 comparison with the control. Apoptotic spermatozoa were significantly reduced in the C1 and 220 N100 levels when compared to control group.
221 Table 4 222 Effect of different levels of crocin and naringenin on viable, apoptotic and dead sperm in rooster thawed 223 semen, as assessed by flow cytometry (n = 5). Table 5 237
Effect of different levels of crocin and naringenin on malondialdehyde concentration (MDA), glutathione 238 peroxidase (GPx) and superoxide dismutase (SOD) activities and total antioxidant capacity (TAC) of 239 rooster thawed semen (n = 5). The results of mRNA expressions of BCL-2 and CASPASE 3 are showed in Fig.7 and Fig. 8 .
247
The mRNA expressions of BCL-2 in the C1 and N100 group were significantly higher than that 248 in other treatments. The expression of CASPASES 3 was significantly reduced in C1 and N100 249 group (P < 0.05) when compared to control group.
250
The findings of the fertility trial (Table 6 ) revealed a significantly higher (P < 0.05) percentage 251 of fertility and hatching rate in C1 and N100 compared to the control group. hypothesis in the present study was that crocin and naringenin, as a supplement in freezing 275 extenders, could be effective in eliminating oxidative damage caused by freezing.
It was observed in our study that the addition of 1 mM of crocin and 100 µM naringenin 277 during preparation of the sperm had a beneficial effect on the total and progressive motility of 278 sperm in comparison with the control group, while no effect was observed on the other motility which influences its permeability to oxygen and further molecules [41] . and thawing process dramatically reduces the fertilization capacity of the rooster sperm.
345
Likewise, a relatively large number of live sperm is required inside the sperm storage tubes 346 (SST) to determine fertilization after inseminations [57] . The semen parameters related to 347 fertility such as sperm motility, vitality and progressive motility can influence the penetration of 348 cervical mucus. So, the strategies that enhance the sperm viability and motility will ensure sperm 349 journey in the hen reproductive tract to attain SST and then the fertilization position. Also, 350 enhancement of cellular variables by improving sperm antioxidant system and mitochondria 351 activity will increase sperm function during passage in the reproductive tract [25] . Therefore, it 352 appears that higher sperm quality in a group of C1 and N100 showed greater hatching among 353 treatment groups by preserving more alive sperm in SST and influencing fertility in the current 354 trial.
355
The present study showed that 1 mM crocin and 100 µM naringenin could beneficially affect 
